Introduction
Our considerable experience in the treatment of typhoid fever with chloramphenicol (Scragg et al., 1969) indicated that a 21-day course of therapy was necessary to keep the relapse rate of this disease at a low level. The manufacturers of the drug combination trimethoprim-sulphamethoxazole claim success in the treatment of salmonella infections, the recommended course being 14 days.
The purpose of this study was to establish if this drug combination achieved the same satisfactory response both clinically and bacteriologically that chloramphenicol has given. If it did, and was also able to shorten the duration of therapy and thereby hasten discharge from hospital, this would be an advance in therapeutic management.
Patients and Methods
During the study period (September 1969 to April 1971) 240 cases of typhoid were admitted to this unit. There were 12 deaths, nine of them occurring shortly after admission and Of the remaining three the diagnosis was not suspected before death in two; the third child is included in this trial. A further 85 cases were excluded from the series because Salmonella typhi was not isolated from the blood culture. One hundred and forty-four symptomatic cases of typhoid fever, all proved by isolation of Salm. typhi in blood and/or clot culture, are therefore included in this study.
At the start of the study we decided to treat all cases with trimethoprim-sulphamethoxazole. When it was apparent that the response in the first 40 cases was disappointing we thought it wise to compare the therapeutic response with that to chloramphenicol during this epidemic to confirm our past experience of its efficacy. Thus as the study proceeded typhoid admissions to two wards were given trimethoprim-sulphamethoxazole while those to another two wards were treated with chloramphenicol. All the cases were under our personal care.
One hundred and four patients received the drug on trial and 40 received chloramphenicol (Parke Davis). On admission, in addition to positive blood cultures, 22 had positive stool cultures, nine positive urine cultures, and nine positive cultures for both stool and urine. Most had significantly raised agglutination titres.
After the initial cultures of blood, stool, and urine on admission, blood cultures were repeated during the period of therapy in 114 (80%). Stool and urine samples were cultured after cessation of the drugs until at least three successive negative cultures were obtained for each. Full blood counts were done before therapy in all patients (see Table HI ). Thereafter they were repeated throughout the period of therapy at least biweekly and more often if indicated. Absolute platelet counts were done in only 50 patients. In a further 59 the platelets were reported as normal or reduced in numbers from the study of the peripheral blood smears. In-vitro sensitivity tests were not possible in all cases. However, this test In the trimethoprim-sulphamethoxazole group two showed evidence of haemolysis on admission, seven had acute nephritis, and two were jaundiced, both with slightly deranged liver function tests. In the chloramphenicol group two had a picture suggestive of hepatitis and one had acute nephritis on admission.
Results
The clinical response was judged by relief of toxicity, improvement in well-being, and return of appetite. Apart from the one child who died within 72 hours of admission, all but 11 (89%) in the trimethoprim-sulphamethoxazole group showed a striking and rapid response in general well-being within 48 to 72 hours after the start of the drug despite a continuing high fever in many. The clinical response in the chloramphenicol group was much slower in onset and far less striking. Only 22 (55%) showed a satisfactory response within four to five days.
The response of temperature in the two groups is shown in Table I . The jaundiced patients and those with acute nephritis in both groups showed no adverse effects from either drug administered. Table II indicates the haemoglobin and leucocyte counts on admission and before treatment in the two groups. In both groups, over 40% showed haemoglobin levels of less than 10 g/100 ml. Blood transfusions were given when indicated. With the exception of one patient, discussed below, all, including the two with haemolysis, made a complete recovery. Table III shows the absolute neutrophil counts before and lowest counts during therapy. The time of occurrence of the latter is indicated. Seventy cases in the trimethoprim-sulphamethoxazole group often had repeated and detailed blood studies done. Absolute neutrophil counts during therapy showed that 30 (43%) had fallen below 2,000, 18 of them below 1,500. In 38 of the chloramphenicol group with detailed haematological study, 8 (21%) showed absolute neutrophil counts below 2,000, but only one fell below 1,500. (430) 17 (42-5%) Range (g/100 ml) 4-7-9-9 5-7-9-6 Median (g/100 ml) 8-5 8-25 Hb > 10 g/100 ml:
Total No. ..
(57%)
23 (57-5%) Range (g/100 ml) 10-0-14 2 10-1-14-2 Median (g/100 ml) terminated. His blood picture returned to normal over the following three weeks. An 8-year-old girl on the eighth day of therapy (trimethoprim 4 mg and sulphamethoxazole 20 mg/kg/day) had an absolute neutrophil count of 698. Therapy was stopped. There was a prompt reticulocytosis but neutropenia persisted for a further three weeks, followed by a gradual return to a normal blood picture one month later. After 15 days of therapy (trimethoprim 8-5 mg and sulphamethoxazole 42-8 mg/kg/day) in a third child aged 4 years the absolute neutrophil count was 600. Daily blood examination thereafter showed the neutrophils rising steadily with a satisfactory reticulocyte response and return to normal three weeks later. None of these patients had evidence to suggest hepatic or renal disease.
A child aged 5 years had a normocytic/normochromic anaemia with haemoglobin 6-7 g/100 ml on admission. Unfortunately the initial blood specimen was unsuitable for white cell estimation. On the ninth day of therapy (trimethoprim 5 mg and sulphamethoxazole 25 mg/kg/day) pronounced pallor was noted. Repeat blood count showed a haemoglobin of 3-0 g/100 ml and white cells 4,000/mm3. Therapy was stopped. The haemoglobin, raised to 8-2 g/100 ml by transfusion, again fell rapidly to 3 9 g/100 ml and white cells to 2,000/mm3 (absolute neutrophils 460). Marrow biopsy showed a hypocellular picture with scanty red cell precursors. Despite prednisone and testosterone therapy and frequent blood transfusions the blood and marrow picture remained one of hypoplasia. Death occurred eight months after admission. Necropsy revealed that death was due to a massive haemorrhage into the gastrointestinal tract. Apart from bronchopneumonia there was no underlying disease and no evidence of leukaemia. Bone marrow studies were again consistent with hypoplastic anaemia.
No adverse reactions occurred in the chloramphenicol group and it was not necessary to stop therapy in any of the patients.
Discussion
The rapid improvement in well-being despite a continuing high fever was most striking in the patients receiving trimethoprim-sulphamethoxazole. The clinical response and disappearance of toxaemia appeared sooner and was much more pronounced than in the chloramphenicol group. This has also been the experience of Kamat (1970) . The response of fever to the drug combination was unexpectedly disappointing. Akinkugbe et al. (1968) , in a series of 10 cases, and Farid et al. (1970) , who studied eight proved cases of typhoid fever, had reported a most satisfactory response. Nevertheless, in our study of 144 children there was no striking difference between the two drug groups with regard to temperature response (Table I) .
From studies done elsewhere trimethoprim-sulphamethoxa-zole has given as good if not better results than chloramphenicol (Akinkugbe et al., 1968; Kamat, 1970) . Thus it was surprising that repeat blood cultures in 80 of the cases during the period of therapy showed several positive isolations in the second and even the third week of treatment with trimethoprimsulphamethoxazole (Table IV) . This has not been our experience in many chloramphenicol-treated cases in the past, and occurred in only one in the present series.
We have shown that in the treatment of typhoid trimethoprimsulphamethoxazole is significantly inferior (P <0 02) compared with chloramphenicol. The size of dose or duration of therapy does not seem to account for the disappointing results, as with the smallest dose for 14 days and the largest dose for 21 days the bacteriological failure rate was the same (45%).
The carrier rate for the trimethoprim-sulphamethoxazole group is unduly high (13-6%). Our previous studies of children treated with 21 days of chloramphenicol did not include long-term follow-up stool and urine cultures. In this present chloramphenicol series only one (2-5%) became a carrier. There are no published reports of long-term follow-up in typhoid patients treated with trimethoprim-sulphamethoxazole. In a series of 50 cases reported from Rhodesia (Wicks and Stamp, 1970) one became a carrier. In view of our findings long-term folow-up would appear to be indicated.
Testing the sensitivity to trimethoprim-sulphamethoxazole was apparently no guide to response, for with the exception of three cases the Salm. typhi were all sensitive. In two of these three the outcome was not influenced by the early appearance of resistance, while in the third the resistance may have accounted for the relapse. Testing the sensitivity of Salm. typhi to each separate component of this drug may be of more value.
Reports have already appeared on the toxic effects on the bone marrow after the use of trimethoprim-sulphamethoxazole (Evans and Tell, 1969; Mohan, 1969; Paulley, 1970) . There can be no certainty about the aetiology of the hypoplastic anaemia in the one patient in this series. This may or may not have been related to trimethoprim-sulphamethoxazole. However, pronounced neutropenia occurred in others and in three instances (excluding the case of hypoplastic anaemia) gave rise to alarm. While most patients on chloramphenicol showed some reduction in neutrophils the effect was less pronounced.
In an earlier study on typhoid in children (Scragg et al., 1969) 23% of patients showed a moderate thrombocytopenia on admission before treatment. For this reason we do not feel that thrombocytopenia is a helpful guide to detecting drug toxicity. In the present trial the presence of thrombocytopenia on admission was about the same in the two groups (18% and 22-5% respectively). With the one exception of the patient with marrow hypoplasia all the patients in both groups showed a return to normal platelet levels either during or very shortly after therapy, which is probably a reflection of recovery from typhoid toxicity.
The dangers of bone marrow depression from chloramphenicol are well recognized and documented. Like Huckstep (1962) we feel that the dangers of chloramphenicol, while real, have been much overrated. After many years of its use in typhoid and meningitis in children we personally have not encountered a case of hypoplastic or aplastic anaemia resulting from its use, nor has it been necessary to stop therapy because of bone marrow depression. Our findings in this study serve as a warning that, as with chloramphenicol, it is necessary to monitor the blood picture when administering trimethoprim-sulphamethoxazole even at the recommended level of dosage.
One of the original purposes of this study was to establish whether this drug combination gave the same satisfactory response that chloramphenicol has given. We have established that trimethoprim-sulphamethoxazole was inferior to chloramphenicol from the bacteriological point of view. Another object was to establish whether the 14 days' therapy recommended would mean a shortened hospital stay. Far from cutting down the hospital stay the "failures" greatly increased the length of stay in hospital, as further courses of therapy and follow-up stool and urine cultures were required.
Possibly in Durban at present the strain of organism is different from that causing typhoid in areas from which the published data on the use of this drug appear.
It is our impression, and that of others, that the response to chloramphenicol is not as satisfactory as formerly. Nevertheless, none of the drugs that have been evaluated against chloramphenicol have been found to be therapeutically superior. Though we would welcome an alternative drug for the treatment of typhoid, at present, in our opinion, chloramphenicol is still the drug of choice.
